We use results from graph theory to design two algorithms for constructing 3-dimensional orthogonal grid drawings of n vertex graphs of maximum degree 6.
The 3-dimensional orthogonal grid consists of grid points whose (X; Y ; Z )-coordinates are all integers, together with the axis-parallel grid lines determined by these points. A 3-dimensional orthogonal grid drawing of a graph G places the vertices of G at grid points and maps the edges of G to edge routes consisting of sequences of contiguous segments contained in the grid lines. Edge routes may contain bends but are not allowed to cross or to overlap; i.e., no internal point (whether or not it is a grid point) of one edge route may lie in any other edge route. Note that because each grid point lies at the intersection of three grid lines, any graph that admits a grid drawing necessarily has maximum vertex degree at most 6. background: While the graph drawing literature has extensively investigated 2-dimensional grid drawings of graphs (see 3]), 3-dimensional grid drawing has been little studied. Our research is motivated in part by recent interest in exploring the utility of 3-dimensional drawings of graphs for visualization purposes. Also, since VLSI technology now permits the stacking of many layers, this work may be relevant to a few details: Recall that a cycle cover for a directed graph is a spanning subgraph that consists of directed cycles.
We devise a routine that takes as input an undirected graph G of maximum degree 6 and computes as output a directed graph G 0 whose underlying undirected graph contains G; this routine also computes a partition of the arcs of G 0 into three edge disjoint cycle covers, denoted C red ; C green ; C blue .
After computing these cycle covers, our rst algorithm places all the nodes, together with arc routes for the arcs in C red , in one plane; it then routes the arcs of C blue and C green above and below this plane, respectively. Finally it draws the routes for the arcs of G 0 that arise from edges of G; arcs from G 0 that do not arise from G are simply not drawn.
Our second algorithm also computes three cycle covers, but then it places the nodes on the diagonal of a 3n 3n 3n cube in arbitrary order. Each pair a; b of nodes in G 0 determines an isothetic cube C (a; b) with p a = (3a; 3a; 3a) and p b = (3b; 3b; 3b) at opposite corners. Nonintersecting routes for the arcs of G 0 are devised by slightly o setting coloured routes that follow the edges of these cubes C (a; b). The o set operation (not shown) introduces a small number of additional bends per route. drawings with a small number of bends per edge, while our rst algorithm produces more compact drawings, but at the cost of an increased number of bends per edge. Our results contribute to the study in 3 dimensions of trade-o s between the number of bends in routes and the various measures of bounding box size.
